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Abstract
Background: Positive outcomes from infant cardiac arrest depend on the effective delivery of resuscitation
techniques, including good quality infant cardiopulmonary resuscitation (iCPR) However, it has been established
that iCPR skills decay within weeks or months after training. It is not known if the change in performance should be
considered true change or inconsistent performance. The aim of this study was to investigate consistency and
variability in human performance during iCPR.
Methods: An experimental, prospective, observational study conducted within a university setting with 27
healthcare students (mean (SD) age 32.6 (11.6) years, 74.1% female). On completion of paediatric basic life support
(BLS) training, participants performed three trials of 2-min iCPR on a modified infant manikin on two occasions
(immediately after training and after 1 week), where performance data were captured. Main outcome measures
were within-day and between-day repeated measures reliability estimates, determined using Intraclass Correlation
Coefficients (ICCs), Standard Error of Measurement (SEM) and Minimal Detectable Change (MDC95%) for chest
compression rate, chest compression depth, residual leaning and duty cycle along with the conversion of these
into quality indices according to international guidelines.
Results: A high degree of reliability was found for within-day and between-day for each variable with good to
excellent ICCs and narrow confidence intervals. SEM values were low, demonstrating excellent consistency in
repeated performance. Within-day MDC values were low for chest compression depth and chest compression rate
(6 and 9%) and higher for duty cycle (15%) and residual leaning (22%). Between-day MDC values were low for chest
compression depth and chest compression rate (3 and 7%) and higher for duty cycle (21%) and residual leaning
(22%). Reliability reduced when metrics were transformed in quality indices.
Conclusion: iCPR skills are highly repeatable and consistent, demonstrating that changes in performance after
training can be considered skill decay. However, when the metrics are transformed in quality indices, large changes
are required to be confident of real change.
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Background
Cardiac arrest is a worldwide health problem associated
with considerable morbidity, mortality and extensive
healthcare costs [1–3]. In the UK, over 30,000 out-of-
hospital cardiac arrests (OHCA) occur yearly, with an
estimate of around 6000 cases in the paediatric popula-
tion, and infants comprising the majority of these occur-
rences [4–9]. Reported survival to discharge rates range
between 2 and 18% for both OHCA and in-hospital car-
diac arrest and paediatric cases are associated with un-
desirable high-rates of both mortality and morbidity,
making cardiac arrest in the infant population, a sub-
stantial public health problem [5–10].
Positive outcomes from infant cardiac arrest depend on,
in part, the effective delivery of resuscitation techniques,
including quality infant cardiopulmonary resuscitation
(iCPR), which is crucial for perfusion of vital organs [11,
12]. Quality iCPR is dependent on achieving four inter-
nationally recommended quality measures: chest com-
pression depth; chest compression rate; complete chest
recoil; and appropriate compression duty cycle, (the por-
tion of time spent in compression) [13–15]. However, it
has been demonstrated that the quality of chest compres-
sions during paediatric CPR (including infant) delivered
by lay persons, basic life support (BLS) and highly-trained-
rescuers in both simulated and real paediatric cardiac ar-
rest events is often performed inadequately, incorrectly,
inconsistently or with excessive interruption [15–18].
The cause of CPR quality is likely multifactorial, how-
ever key elements include initial skill acquisition and sub-
sequent retention and decay of skills. Several studies have
established an urgent need to identify the frequency of
iCPR re-training in order to maintain adequate and effect-
ive skills [19–23]. However, there are no studies that have
examined the consistency of human performance during
CPR and this study aims to address this knowledge gap.
Establishing variability in human performance is crit-
ical to understanding changes and determining natural
variations in the delivery of a skill like iCPR. For ex-
ample, if performance is not consistent within days of
training, then any differences seen months later could be
due to variation and inconsistent performance rather
than skill decay. This is critical for the determination of
skill decay which will facilitate the optimization of train-
ing intervals for CPR. Currently, no data has been re-
ported on individuals’ iCPR performance variability.
Therefore, the aim of this study is to determine the re-
peated measures reliability and variability of individuals
performing simulated iCPR.
Methods
Study design and setting
An experimental, prospective, observational design was
used to test within-day and between-day reliability of
iCPR performance and was conducted within a univer-
sity setting. Bournemouth University Research Ethics
Committee approval was obtained (reference ID: 22558)
and following explanation of experimental procedures,
written informed consent was gained. Age, sex, height,
weight and self-declared physical issues that might com-
promise performance were gathered in order to create a
demographic profile of the sample.
Participants
A convenience sample of 27 participants were recruited
from university healthcare students (including Operating
Department Practice, Physiotherapy, Nursing, Midwifery
and Occupational Therapy). Inclusion criteria: stu-
dents currently enrolled at the university with no pre-
vious training in paediatric life support. Exclusion
criteria: students with any form of musculoskeletal
pain requiring medical intervention in the last 12
months or self-declared inability to physically perform
iCPR. Sample size was calculated based on Walter
et al. (1988) [24] with alpha = 0.05; beta = 80%; three
repetitions of the task; desirable and minimal correl-
ation values set at 0.8 and 0.6 respectively, yielding a
necessary sample size of 27.
Study procedures
On completion of informed consent, participants under-
took the standard four stage approach ‘Paediatric BLS’
education package [25] with compression:ventilation ra-
tio of 30:2 (aligned with resuscitation guidelines for BLS
rescuers with no duty to respond to a paediatric cardiac
arrest), delivered by a qualified instructor (PM). After
30-min practice on an infant manikin (Laerdal® ALS
Baby, Laerdal Medical, Stavanger, Norway) using the 2-
finger technique, participants were invited to a separate
room set up with the instrumented manikin (description
below). Although the researcher was in the same room
as the participants during data collection to initiate and
pause the software, apart from brief instructions on
when to start and stop the iCPR, there was no further
interaction between participants and the researcher dur-
ing data collection, and the participants didn’t receive
any form of feedback. Performance data pertaining to
iCPR was captured on two occasions, firstly immediately
following training and secondly after 1 week. This time-
frame was deliberately selected to potentially avoid skill
decay, which has been demonstrated to occur within
weeks to months after training [21, 26]. Skill decay
would interfere with the reliability results of this study
therefore, a pragmatic 1-week interval has been selected.
On each occasion, 3 trials of 2-min iCPR were captured,
with 1-min interval between trials.
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Equipment
The equipment used to quantify iCPR performance
comprised of: (a) a CPR infant manikin (Laerdal® ALS
Baby, Laerdal Medical, Stavanger, Norway) representing
a three-month-old, 5 kg infant. This manikin was modi-
fied during a previous study and its consistency has been
established [27]. The modification was an improvement
to allow the maximum compression depth to vary be-
tween 40 mm (original manikin specification) up to 56
mm (physiological internal chest depth of a three-
month-old infant).; (b) 2 accelerometers; (c) data acqui-
sition unit; (d) personal computer; (e) flow sensor and
(f) power supply.
One accelerometer was fixed over the xiphoid process
on the manikin’s chest and the other used to act as a dif-
ferential for the ‘surface’ on which the CPR was con-
ducted, the floor in our case to mimic the conditions of
OHCA.
The LabView software platform was used to power the
accelerometers and compute double integrated acceler-
ation data to provide chest displacement. Validity of this
displacement data has previously been established [28].
Displacement data were transferred to MATLAB 2008b
(The MathWorks Inc., Natick, MA) where a bespoke al-
gorithm converted it into four metrics, average compres-
sion depth, average compression rate, average residual
leaning and average duty cycle. Compression depth was
defined as the maximum relative displacement between
the two accelerometers and compression rate as the
number of compressions per minute. Residual leaning
was determined through incomplete release from the
chest wall measured in mm and converted to kg through
the known stiffness of the manikin. Duty cycle was de-
fined as the ratio of time taken for compression relative
to release and was calculated using a new algorithm, as
published previously [29]. These metrics were further
converted into quality indices (QI) by determining the
percentage of compressions which met European Resus-
citation Council Paediatric (Infant) Life Support Guide-
lines for Resuscitation (2015) [30] and Resuscitation
Council UK Paediatric (Infant) BLS guidelines (2015)
[14] outlined below.
Outcome measures
Primary outcomes - degree of correlation between re-
peated measures for: (i) chest compression rate, (ii) chest
compression depth, (iii) residual leaning, and (iv) duty
cycle, to establish reliability and consistency of iCPR
performance.
Secondary outcomes - degree of correlation between
repeated measures for each respective quality indices
(QI) defined as: (i) compression rate (100–120/min), (ii)
compression depth (40 mm - 45mm),, (iii) residual lean-
ing (<2.5 kg) and (iv) duty cycle (45–50%).
Statistical analysis
Demographic data were analyzed using descriptive statis-
tics. Mean (SD) were used to report the data with a nor-
mal distribution, and median [IQR] were used when the
assumption of normality was not met via Skewness, Kur-
tosis and Shapiro-Wilk test. Both within-day and
between-day repeated measures reliability for each vari-
able was determined using Intraclass Correlation Coeffi-
cient (ICC) estimates and their 95% confidence intervals
(Model: 2-way mixed effects; Type: multiple measure-
ments; Definition: absolute agreement), with values less
than 0.5 indicating poor reliability, between 0.5 and 0.75
moderate reliability, between 0.75 and 0.9 good reliabil-
ity, and greater than 0.90 excellent reliability [31]. Stand-
ard Error of Measurement (SEM) was also calculated to
report variability of results in the units of interest and
Minimal Detectable Change (MDC) was calculated to
quantify the natural variation in performance, using the
following equation: MDC95% = 1.96 x SEM x √2.
Microsoft Office Excel 2016 (Microsoft Corporation)
and IBM SPSS Statistics version 25 (IBM Corp.,
Armonk, NY, USA) were used for statistical calculations.
Results
Participants demographics
A total of 27 healthcare students participated in this
study including 20 females (74.1%). The mean (SD) age
was 32.6 (11.6) years; height was 1.7 (0.1) meters and
weight was 70.9 (12.4) kg. Each participant had previ-
ously received adult BLS training. No participants were
lost at follow up.
Within-day reliability - chest compression variables
The mean values, ICC, SEM and MDC, are presented in
Table 1.
A high degree of reliability was found for repeated
iCPR for every variable with excellent ICCs and narrow
confidence intervals. SEM values were low, demonstrat-
ing excellent consistency in repeated within-day
performance.
MDC values were low for compression depth and
compression rate (6 and 9%) and slightly higher for duty
cycle (15%) and residual leaning (22%).
Between-day reliability – chest compression variables
The ICC, SEM and MDC for between-day reliability (im-
mediately after training and 1 week later) and absolute
difference between means for the two time points are
presented in Table 2.
The ICC values ranged from good to excellent, with
duty cycle demonstrating the lowest ICC and compres-
sion depth the greatest. The SEMs were low suggesting
good consistency between days. The percentage MDC
for between days followed the same pattern as within-
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day, with low values for compression depth and com-
pression rate (3 and 7%) and higher for duty cycle (21%)
and residual leaning (22%).
Within-day reliability - chest compression quality indices
(QI)
The mean values, ICC, SEM and MDC for each QI are
presented in Table 3.
The ICC values were good to excellent for each QI
with small confidence intervals suggesting a high level of
reliability. The MDC values were higher than the equiva-
lent primary variables, suggesting greater variability in
performance when measured by QI.
Between-day reliability – chest compression quality
indices (QI)
The ICC, SEM and MDC for between-day reliability
using QI are presented in Table 4.
The ICC values ranged from moderate to good, with
compression rate QI demonstrating the lowest value and
compression depth QI the highest value.
The SEMs were low for compression depth QI, re-
sidual leaning QI and duty cycle QI suggesting good
consistency between days for these variables. The per-
centage MDC was moderate for compression depth QI
(21%), but considerably higher for the other QIs, demon-
strating greater variability when measuring reliability of
performance using QI.
Discussion
The aim of this study was to determine the repeated
measures reliability and variability in performance of
simulated iCPR. To the authors knowledge, this is the
first time such an exploration has been conducted, pro-
viding novel insights into consistency of performance.
Such insights enable the determination of change above
natural variability in the performance of iCPR. This is an
important area of inquiry related to the design of resus-
citation training and interpretation of data on skill
decay.
This study makes a number of additions to the existing
literature. Firstly, the results suggest that the within-day
reliability (straight after training) was good-to-excellent
across each of the metrics considered. Little difference
was determined between each of the variables suggesting
no one metric was more reliable than the other. The
MDC values, however, suggest that changes greater than
22% of the mean, are likely to be greater than that wit-
nessed through natural variation for residual leaning and
15% for duty cycle. This indicates that these two deter-
minants of performance are less consistent, thus requir-
ing greater change to be considered true change.
Secondly, the results demonstrate similar findings were
evident for between-day reliability where values were
good to excellent. Chest compression rate and chest
compression depth demonstrated higher ICC values with
residual leaning and duty cycle achieving good ICC
values. This remains evident when comparing MDC;
with compression rate and compression depth present-
ing very small MDC values but residual leaning and duty
cycle presenting 3 times the normalized MDC, suggest-
ing much greater variability in these two variables. Previ-
ous studies haven’t explored the ICC or MDC, making
comparison to the literature difficult and this study’s
contribution to the existing knowledge novel.
There are a number of possibilities to explain why
there may be greater variability in these two metrics. It
is possible that these aspects of performance are less well
known and understood by participants. The idea of rate
and depth have been the subject of many media cam-
paigns and even without training individuals are likely to
understand the importance of these two metrics, with
Table 2 Mean absolute difference chest compression and between-day reliability – Time point 1 and Time point 2
Mean (SD) absolute difference ICC (95% CI) SEM MDC MDC as % of mean (time point 1)
Rate (cpm) 9.0 (7.0) .86 (.69–.94) 2.63 7.28 7%
Depth (mm) 1.9 (1.6) .92 (.68–.97) 0.44 1.23 3%
Leaning (kg) 0.6 (0.5) .78 (.42–.91) 0.23 0.65 22%
Duty cycle (%) 5.7 (6.7) .75 (.44–.89) 3.38 9.36 21%
cpm Compressions per minute, SD Standard deviation, ICC Intraclass correlation coefficient, SEM Standard error of measurement, MDC Minimal detectable change
Table 1 Mean chest compression and within-day reliability - Time point 1
Mean (SD) ICC (95% CI) SEM MDC MDC as % of mean
Rate (cpm) 104 (16) .95 (.91–.97) 3.47 9.61 9%
Depth (mm) 42.9 (4.7) .96 (.92–.98) 0.95 2.64 6%
Leaning (kg) 2.9 (0.9) .94 (.88–.97) 0.23 0.64 22%
Duty cycle (%) 44 (11) .95 (.91–.98) 2.41 6.68 15%
cpm Compressions per minute, SD Standard deviation, ICC Intraclass correlation coefficient, SEM Standard error of measurement, MDC Minimal detectable change
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little or no attention being placed on leaning or duty
cycle. Furthermore, during the standard training for
basic life support, less attention is again drawn to these
two variables. Therefore, participants are less likely to be
concentrating on these particular aspects of perform-
ance. Moreover, it is possible that these concepts are
more difficult to learn.
It is well understood that in the initial learning phase,
there is a reduction in variability towards mastery [32].
Perhaps, the results are merely a reflection of immature
learning or novice performance of the motor task, which
is critical for effective reduction of variability associated
with leaning and duty cycle.
Another point to be considered when analyzing the
reasons of greater variability in residual leaning and duty
cycle is that, as previously suggested, there may be inter-
actions between different metrics of CPR [33]. It was de-
termined that a faster compression phase and slower
relaxation phase, which produces a shorter duty cycle,
correlated with a deeper compression depth. Therefore,
small variations in compression depth will also be born
out as variance in other metrics due to the relationship
between them.
It is common place to convert actual numbers denot-
ing CPR performance into quality indices or composite
variables [16, 20, 22, 23, 34, 35]. This provides the reader
with an understanding of the context pertaining to what
is to be considered ‘good quality’ CPR. Despite this, the
present study is the first to explore the notion of reliabil-
ity of such a method of quantifying iCPR performance,
therefore, filling this gap in the literature. Therefore, the
third contribution made by this study is the demonstra-
tion that reliability was lower, and variability higher once
iCPR variables are converted into such quality indices.
The within-day reliability values remain good to excel-
lent with small confidence intervals, however, due to
much larger standard deviations, the SEM values and
MDC values are much greater. This suggests that con-
verting the values on individual metrics into the dichot-
omy of ‘good quality CPR’ or ‘bad quality CPR’ seems to
result in greater variance in measured performance. Per-
haps, this is due to individuals being close to the bound-
ary of good/bad performance (i.e. around 50% for duty
cycle). If some individuals near the 50% boundary, occa-
sionally produce a ‘good quality’ compression/relaxation
percentage and sometimes a ‘bad quality’ one, then the
overall mean of them might be somewhere near the
50%. However, the duty cycle QI could be quite varied
across those individuals. This may drive the variance
witnessed for the quality indices, raising questions
whether there should be a ‘hard cut off’ at the quality
boundaries (i.e. would 51% really be ‘bad’ but 50% ‘good’
duty cycle?).
The results presented by this study demonstrate that
chest compression performance during iCPR is consist-
ent and reliable. It is also indicated that changes in per-
formance between days which are greater than 3% of the
initial value for compression depth, 7% for compression
rate, 21% for residual leaning and 22% for duty cycle,
represent true change in performance, indicating a decay
or improvement of the iCPR skill. Higher changes are
required when those metrics are converted into quality
indices. Such values can serve as a reference for the
learning, maintenance, improvement and decay of the
metrics associated with the skills of iCPR.
Limitations
Our study has some limitations. First, we used an infant
manikin to evaluate chest compressions quality and al-
though various studies investigating CPR performance
use both paediatric and adult manikins, it is recognized
Table 3 Mean chest compression QI and within-day reliability for QI - Time point 1
Mean (SD) ICC (95% CI) SEM MDC MDC as % of mean
Rate QI (%) 38 (29) .90 (.81–.95) 9.26 25.67 67%
Depth QI (%) 45 (19) .91 (.83–.96) 5.64 15.63 35%
Leaning QI (%) 42 (21) .94 (.88–.97) 5.23 14.49 34%
Duty cycle QI (%) 18 (17) .87 (.76–.94) 6.03 16.73 93%
SD Standard deviation, ICC Intraclass correlation coefficient, SEM Standard error of measurement, MDC Minimal detectable change
Table 4 Mean absolute difference chest compression QI and between-day reliability for QI - Time point 1 and Time point 2
Mean (SD) absolute difference ICC (95% CI) SEM MDC MDC as % of mean (time point 1)
Rate QI (%) 21 (20) .52(−.07–.78) 13.83 38.33 101%
Depth QI (%) 12 (9) .81(.54–.91) 3.38 9.33 21%
Leaning QI (%) 15 (13) .77(.36–.90) 6.30 17.47 42%
Duty cycle QI (%) 10 (11) .68(.29–.85) 6.25 17.33 96%
cpm Compressions per minute, SD Standard deviation, ICC Intraclass correlation coefficient, SEM Standard error of measurement, MDC Minimal detectable change
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that they may not exactly replicate the characteristics
and chest compliance of human beings.
Second, the data collection sessions were based on in-
dividual iCPR performance in the simulated context, and
as such, the participants were not exposed to back-
ground noise, other rescuers, distractions, interruptions
or the stress and complications that may occur during a
real cardiac arrest, limiting the transferability of our re-
sults to real life performance.
Third, we recruited a group of students from a single
institution. Therefore, the caution is advised before
generalization to the wider population.
Finally, we did not include rescue breaths in the ana-
lysis of our study even though ventilation is an extremely
important aspect of paediatric CPR. Our focus was on
chest compressions quality and consistency and we sug-
gest that further studies should assess rescue breath
skills to fully understand the reliability and consistency
of those skills during iCPR performance.
Conclusions
In summary, our study provides important additions to
the growing evidence about iCPR skill acquisition and
decay. For the first time, the consistency of performance
of iCPR has been explored with results demonstrating
that iCPR performance was highly repeatable and con-
sistent, and this was maintained over a week. These re-
sults provide an opportunity to further explore iCPR
skill acquisition and decay. Another important addition
is that, when the chest compression metrics are con-
verted into quality indices, which is a methodology com-
monly used in many resuscitation studies, the results are
not as consistent or repeatable and the natural variation
should therefore be taken into account. This means, fu-
ture studies should consider investigating both metrics
and quality indices when reporting individual iCPR skills
performance, in order to differentiate between natural
variation and skill development or decay. Previous stud-
ies, however, have explored skill acquisition and decay
based on the conversion of metrics into quality indices
without an acknowledgment of natural variation, poten-
tially resulting in erroneous conclusion.
The clinical relevance of this study is attributed to the
understanding of iCPR skill acquisition, maintenance,
variability and decay, which will enhance iCPR training
and performance, improving the chances of survival after
infant cardiac arrest.
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